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[Name of Document] Specification 
[Title of the Invention] 

LASER APPARATUS, LASER ANNEALING METHOD, AND MANUFACTURING 
METHOD OF A SEMICONDUCTOR DEVICE 

[Scope of Claims] 

[Claim 1] 

A laser apparatus comprising: 
a solid state laser; 

an optical system for linearizing the sectional shape of laser light generated and emitted 
from said solid state laser as a source; and 

a processing chamber for irradiating the front side and the back side of a process object 
with the laser light. 

[Claim 2] 

A laser apparatus comprising: 
a solid state laser; 

an optical system for linearizing the sectional shape of laser light generated and emitted 
from said solid state laser as a source; and 

a processing chamber for irradiating the front side and the back side of a process object 
with the laser light, wherein 

the back side of the process object is provided with a reflective member to make the laser 
light enter into the process object from its back side. 

[Claim 3] 

A laser apparatus comprising: 
a solid state laser; and 

an optical system for linearising the sectional shape of laser light generated and omitted 
from said solid state laser as a source, and an optical system for introducing the laser light into a process 
object from its front side and its back side. 

[Claim 4] 

A laser apparatus as claimed in any one of claim 1 through claim 3, further comprising 
means for making the laser light generated and emitted from said solid state laser as a source into 
harmonic. 

[Claim 5] 

A laser apparatus as claimed in any one of claim 1 through claim 3, further comprising 

means for making the laser light generated and emitted from said solid state laser as a source into second 
harmonic. 

[Claim 6] 

A laser apparatus comprising: 
a solid state laser; 

means for splitting laser light generated and emitted from said solid state laser as a source 
into third harmonic and fourth harmonic; and 

an optical system for introducing the fourth harmonic into a process object from its front 
side, and an optical system for introducing the third harmonic into the process object from its back side, 

[Claim 7] 

A laser apparatus as claimed in claim 6, further comprising an optical system for linearizing 
the sectional shape of the third harmonic and of the fourth harmonic. 
[Claim 8] 

A laser apparatus as claimed in any one of claim 1 through claim 7, wherein said solid state 
laser is an Nd:YAG laser, an Nd;YV0 4 laser, or an Nd:YA10 3 laser. 

1 
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[Claim 9] 

A laser annealing method comprising the steps of 
generating laser light using a solid state laser as a source; 
lineanzing the sectional shape of the laser lighf and 

sectional shapThaSnHneSd^ *" ^ ^ «* *b whose 

fClaim 10] 

A laser annealing method comprising the steps of 
generating laser light using a solid state laser as a source- 
lineanzing the sectional shape of the laser lighf and ' 

b ee„ ^^J^^^!^^ ^ ***** light whose sectional shape has 
whose sectional shape has been linearized and ISZh ^ V J pt °° SSS ° bject with Ia ^r light 
on the back side of tne process object ^ by 3 refleCtive membe ' 

[Claim 11) 

A laser annealing method comprising the steps of 
generating laser light using a solid state laser as a source- 
linearizing the sectional shape of the laser lighf 

P-ary i~t^£^£%^ ^ ^ "*»»' ^ *» «~o ^arized, into a 

comprismg .^S^t^S^^ °? ° f 9 ^ **» ^her 

generating laser light using fsolid state later T* ^oTce ' " ^ ^ ° Ut ^ the Ste P of 

[Claim 13] 

[Claim 14] source. 
A laser annealing method comprising the steps of: 
generating laser light using a solid state laser as a source- 

SS? thT ligHt ^ harm0nic •^SSi-onkr 

backside of the proems ^S^^S^t" ^ *" *"* ^ * e 

[aaim 15] 

[Claim 16] 
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with the laser °i g r 8 ' ^ ^ ^ semiconduct °' film which ha S been irradiated 

[Claim 19] 

A method of manufacturing a semiconductor device comprising the steps of- 
forming a semiconductor film on a substrate- 

patterning the semiconductor film to form an" island-like semiconductor film; 

tadtod wifc S:^,"' 8 ' 85 *" aC<iVe ^ iSlMd - Uke <Hn. which has b«„ 

[Claim 20] 

A method of manufacturing a semiconductor device comprising the steps of 
forming a semiconductor film on a substrate- 

"eda^ 

>sland-lilce ^^^"^ ^ haS ^ irradiated ^er light to form an 

forming a TFT that has as an active layer the island-like semiconductor film 
[Claim 21 J 

on u meth( ? ° f manufacturin 8 a semiconductor device as claimed in any one of claim 18 or 

tSJSLSSZ" sem!conduc,or fito is - — *- — — — ^ - . SSS 

[Claim 22] 
[Claim 23] 

A method of manufacturing a semiconductor device comprising the steps of- 
forming a semiconductor film on a substrate- 

w, t h the w'ES£™2?£Z£Z£ S "°' *** ^ be. h.adia.ed 

[Claim 24] 

A method of manufacturing a semiconductor device comprising the steps of- 
forming a semiconductor film on a substrate- ' 

KSf* ^ "7 i00,,c l ucto fflm to f °™ an island-like semiconductor film; 
B^^J^^^^^ ~ductor film with fourth harmonic 

Radiated JS^S^— —or film which has been 
[Claim 25] 

whPr,in a. A mCth< ? ° f manufacturin g a semiconductor device as claimed in claim 23 or claim 24 
where* the semiconductor film is an amorphous semiconductor film or a inioocri^ctlS 
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film. 

[Claim 26] 



through TmYAGfJJTm^O i**" " ^ ta «* °" e of « 

solid state laser. l8Ser " ^ NdYV 0 4 laser, or an Nd:YA10 3 laser is used as said 



[Brief Description of the Invention] 
[0001] 

[Technical Field to which the Invention Pertains] 



annealing (an apparatus including a l aser aTanTrfn^ ~ T FT*" f ° f P erf °™ng the laser 
laser to a process object). The inveLoTalsoTel^T f °'. leadlI1 g Iaser MS* oulput from the 
manufacturing process t ha comprises ^^1^ ,° " S< \ miCOnductor device fabricated by . 
semiconductor device here inolZTslVZ^^Z ^ '° ?* manufactu ^8 P^ess. The 
an EL display device, and an elelomc ^^1,^^ ^ " ^ ^ devto » d 

components. ° mC device havm £ the electro-optical device as one of its 



[0002] 
[Related Art] 



(hereinafter referred to as T^s) ^ of «*> Am transistors 

crystalline semiconductor films are recervL Kelt^ ^ "5°" ^ (P 0 ^™ Am.) as 
crystal displays) and EL (electrolum^cencf) tp^Tvlces (ELdt ^ ^ ^ 

are used as elements for switching pixels and eLZlltl f 7 ^ Splays), in particular, such TFTs 
[0003] g P nd dementS for fornun 8 circuits to control the pixels. 

silicon film i^£^J^X^ ^ fa - amorphous 

crystallized with the use of laser U hTlrteZ \.t *k * ^ m silicon film is 

specification, to crystallize an J?^££J^£? IS DOtable - * «* 

[0004] 

hence is an efft!^ "eating of semiconductor film, and 

resistant substrate such as a glass su^STor I JZ t * SemJCOnduct °' formed on a low hea, 
the throughput definitely higher as coml**: ^t h ^ " , ^ addit -. the laser annealing makes 
^^(^in^errcfcLd^s^^^ conventional heating measures using an electric 
[0005] 

^all^ of which the general one to be used in laser 

(hereinafter referred to L LZ^^^g* J" 0 ^" Jpe exdmer laser as a source 
output and that it is capable of repetitive S,v T [ ^ haS advanta g<* in that it is large in 
light is advantageous ^tcnJ^T^^^ Md ' m ° re ° Ver > excime < 

[0006] ^ absorption coefficient with respect to silicon films. 

is used as an^SSon S" How^ ^v™? °' ^ 308 »0 

causing a problem of increase in prXL^os th^ } f* ^ f (Xen0n) g3S are ^ «P^ve, 
[0007] "Paction cost when recharge of the gas is frequent. 

attachments '^^h^^^i^J^!^' l3SCr T ea,in 8 re <J ui ' e * replacement of 

laser osculation and a gas refinery for removing unnecessary 
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compounds that are produced during the course of oscillation. Many of these attachments are akn 
expensive, taking part in increasing the production cost attachments are also 

[0008] 

h„. .i M S T a ? ^ ab0V<5 ' a laser a PP aratus "sing excimer laser light does possess hieh abilitv 
S.5 -T7 I ^ " th3t mainteiiance ther «* » very troublesome and that the runlfS 
P^oducul " ^ rCqUired ° Peratin8 ^ * fa a «-« 

[0009] 

[Problem to be Solved by the Invention] 

invention « T 8 " inVenti ° n haS ^ made in view of 1116 ab ° v C and an object of the present 

rrr„;rztr nca,ed by ,he to « L ■ -« " 

[0010] 

[Means for Solving the Problem] 

wraim . ( Th «, preSCnt ^"tion is characterized in that the front side and the back side of a 
erniconduc tor film are irradiated with laser light generated and emitted from a solid state lase (a laser 
that outputs l^ser light using a crystal rod as a resonance cavity) as a source. ( 

ootical svst t ^ Semi T duC |° r iiha is fa**"*!, the laser light is preferably linearized by an 
optical system To linearize laser hght indicates that laser is formed into such a shape as to make th^ 

7 a h ,,near A h ^ 3 PrOCeSS ° bjeCt is irradiated ^ * e la *" light In ^stTirindi^s tha 

F ~ a 

[0013] 1DVentlon - for il 15 ca P ab ^ °f large area irradiation 

wavelenothas 1 10^4 V nn 1 the ., fUI1 ^ an, r tal ( * ** ° f YAG las « a * high 

n^on^ 1° Use second ha -onic (wavelength, 532 nm), thS 

•umonic ^j^ngth, 355 nm), or fourth harmonic (wavelength, 266 nm). 

In particular, the second harmonic of the YAG laser has a frequency of 532 nm and is 

m , Yimnm /• a . ulcuvcr > ine la ^er energy of the second harmonic is large, about 1 5 J/nuJse at a 
£ r ST the onZd" 18 f?" ° SCi,lati0n ^ YAG laSM a PP aratus >- Wh« * is linearized,^ 5 lengtt 

£^.to^^^T^ ,S th K eref ° re lengthened t0 make h P° ssible to irradiate' a 

Urge area at once with laser hght. These harmonics can be obtained by using a non-linear crystal 



5 
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harmon.es may be formed by followinc anv DOn ; linear e,ement - The respective 

generated and emitted from a solid *ZLv l^2£ Z*' * S P edfication > light 
the second harmonic, the third harmonic and Z IT! n0t ° n ' y the &st harmonjc b "' "So 

wavelength of the fundamental wave ^ Which are obtained by modulating the 

[0016] 

VAG laser Q ££^££^V** ^ ^ * "*» «" fa * e 

advance and to then rapidly raise L q v 1c to h^ ^ u ^ Q ^ ° f 3 laSer resonator ™ 
energy value . ^ The method's one SlSj^SS^ ^ ^ ^ ,UK ^ 3 ^ hi « h 

crystal, a ^^^^^W^^^ ST ^ ^ 35 ^ ^ 3 
Therefore, maintenance thereof is nTilT for "citing the solid crystal are satisfied, basically 
cost of the solid state 1^1^^°™! cont ^ Tf ^ ^ 0ther WOrds ' —4 
greatly reduce the production's^ 

maintenance leads to an increase of he operate o^ th vice " ^ decrease in number of the 
along the manufacturing steps is 

reduction in production cost of the semiconfWw a- w ^tabuies considerably to the 

smaller area than the excimer S.eT^SS^H^'*- ^ "** SUt& laSer * 

[0018] e iaser *>«,wh,ch is advantageous m designing a production line. 

amorphous iS^^i^^SS^ ^ ^ Slde - d < he back of an 

with a larger crystal &ain size ™ in pno Sfwh^! the t * * CryStalHne se - co ^uctor film 
with laser light only from its front sirK 5 amorphous semiconductor film is irradiated 

considered that irradiation nf .Z, _T 0 T m ? t0 the a PP Iicant ° f *e present invention it is 

the crystal grain size is mcreased L a relulf *>kdif 1C at,o n °f the semiconductor film, and that 

[0019] 



considerable iJ^^^i^S^^T ^ 7* 3 ^ ^ *~* to 3 

example, enlargement of a c^^S^^SL!^^^ ^ T3king 3 ^ as an 
may be contained in a channel fomalion region That isT if "j? 111 °^ crystal grain boundaries that 
preferably zero, crystal grain boundart m iSl 7? '■ ° WS fabncatin g a TFT that has one, 
crystal grain is suci that it may XantiaHv h fZTt, T^™ Since the crystallinity of eac h 

field effect mobility) ^T^^^X^ ■ f"*"-^ " ^ * m <W(elect„c 
also possible. ^ h3D * 3t of a ^sistor us.ng a single crystal semiconductor is 

[0020J 

invention to ^^thTS^S^S? 1 boUad-ri ? i ext ™ e 'y '« ^quently in the present 
state), OFF current values fdrain cur^ZZ T^™' l™ 8 .^. current «*« ■ TFT is in ON 
electric field effect mobility. a TFT is in OFF state), threshold voltage, S values, and 

[0021] 

[Embodiment Modes of the Invention] 
[Embodiment Mode 1] 
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apparatus has an Nd: YAG la^r mi ^ i 

harmonic, third tMn^^^CS,^^ 1 ^ ^ ^eferably ««nd 

stage 102 on which a light ^u^^Zd ^T " Nd:YAG ,tter 101 - ^ d a 
and a heater controller 104 to heat the subSate un tn » , ge 102 " PI ° Vided ^ a hea *' 103 

member 105 is provided on the s tage ^02 and pl^on L rTT" °* 100 * ^ A reflect -e 
which an amorphous semiconductor film is fomerT ' nManber 105 is a substrate 106 on 

[0022J 

fourth haj™: l ?z*t:^::^ s iaser lo i is moduiated int ° « «* ~»« - 

N4YAG laser 101. modulator including a non-linear element is set right behind the 

[0023] 

apparatus ^^^^^i^ "£ h ™ " **> *e substrate 106 in the laser 
reaction chamber 107, and ms^SZ^^ £ er £Z f^f H 106 , held by ** 102 » « * a 
source. The inside of the reaction ch^rZ^ll d^rnn k"' ^ ^ laser 101 a * a 
shown in the figure, or may have an inert gasTSosnher^ P * W CXhaUSt System > whi <* » "°t 

the figure, so that the sem concha TIT' ? ° y Usm S a gas system, which is not shown in 
contaminating the film. C heated u ? to a temperature of 100 to 450«C without 

[0024] 

The stage 102 can be moved alone a guide rail ins 
possible to irradiate the entire surface of the ubs w^h 2 the J Bac,,0B chaml >er, making it 

not-shown window that is formed from auarts on thl , ^ The l3S6r ^ enters a 

transfer chamber 109, an intermedia* Sa^HO Id tload ? ? ^ 1( * * F * 1B - a 

to the reaction chamber 107, and these dZE. « S^SS H ^ ^ ^ 111 « 

[0025] e se P arated from each other by gate valves 1 12, 1 13. 

Ioamng/urdoa1inrchamber 14 in at LTbstraS * ° f SUbstrates is P la <*d in the 

installed in the transfer chamber 10<T Rere ence svmbT^ * * «*i "5 that i 

Wuh such a structure, successive laser anne2TcanTe ° h """"^ 3 SUbStrate » ^ ^rtation. 
gas atmosphere. annealing can be earned out under reduced pressure or in an inert 

[0026] 

* «r f£. rr 2 ° B f ^r^T^ 1 r ■r?* •* «« *«** 

28 ^ wof op,ical ^»^3ta5T5" sy!,em 201 *- "° ,id °- 

203. That fa, ultimately,^ , Mer S ' ".fT'',? ' la,,:rally by " < " faddal "=» ™V 

[0028] spill by the cylmdncal 1ms anays 202, 203 into matrix. 

a mirror 206, pa SSK u, rou8 h a cytaS^ a^ S ^ ""^'^ is '< 

[0029] *-"ienszu/, and then reaches an irradiated area 208. 

that the «cd£J^^ -diated area 208 is linear. This indicates 

linearized laser light is homo^ni^^T;.^™" 6 ^ 011 ^ the cylindrical lens 207 is linear. The 
ihe cylindrical la, 204, JjS^ta n T" ^ ,he Cyli " d " cal le ° s ™>V 
W e d in its , MgIh ^on^nXp cyS^ ^£ a ^,!™ S 
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205. 



[0030] 



process film iSSSTSSS Vlt™ lit V " ™^ ** ™ dia ^ - 

side where ^^I^^J^ ^ ' ** ^ (*• 

amorphous semiconductor l^ Z a rlrocrls^ "T* ^ film 302 *" d •» 

reflective member 304 for retSnoW se ™ nd ^tor film) 303 formed thereon. A 
[0032] g ^ 18 arraQged bEneath the ^ transmittable substrate 301 . 

crystallized £ sut^ ^ * 3 *T« 3 a 

containing silicon, such as a silicon Sid fflm^-r *! film 302 ' 111 insulatin g Sim 

Prospective films f or the ^^S^^^ 1 "- ^ may be used, 

amorphous silicon germanium film etc enUC ° ndUCtor fJm 303 mclud e an amorphous silicon film, an 
[0033] 

be used as £4' ^^1^ ^ * * ° f a ^ 

as the reflective member 3o7 In tL clle anv ± a .^strate formed of a metal element may serve 
used is a metal film containing any Imem rZ«= , 77 ^ ^ fa * e metal film - "^aUy 
tantalum. g ™ Y elemCnt Chosen out of aluminum, silver, tungsten, titanium, and 

[0034] 

301, instead il^^J^^ ^ f» » ab ™ °* the back side of the substrate 
Note that this BtnJLiBt^Z^^ ! « ^ ^ Ught iS refleCted at the melaJ «^ 
during the manufacture of ^ ^ Side * n0t removed 

[0035] 

linearized il^S^S^S * ^ ^ *" ^ *« 

illustrated in FigfzA and 12a ( * lens 2 <>7 is shown in the drawing) 

[0036] 

light, i,., J^^^^^S^^-^ 3 °Vn S Witb «™ b — ° f ^ 

laser light 306 that is reflected at ^ S,^-^ f ™ 207 l ° directly irradiate the ^ ™* 
semiconductor film 303 ta Ws .^Sfi^m;^,^ ^ * am °'P h ° US 
amorphous semiconductor fJb 3tot^JZ T ^ ^ * ±e front side o{ 

back side thereof is called .^d^SiST § ^ ^ ligbt USed t0 ™ diate the 

[0037] ' 

reason, the secondary lie: lil 306 is ^ hi th ? 7 ? ° f 00ndeMeA For " at 

semiconductor film 303 so ^ ^LT^ "T reaCfteS tUrther to the back «'* of the amorphous 
efficiently by forming an unevj 21^' « ^ ^ laSCr ,ight 306 may be obtained ™ r e 
the laser light. P 0n ° n ^ refleCtlve surface of the reflective member 304 to diffuse 

[0038] 

within a wavdengJrat; S^So'Sif ? ^ ^ laSCr ^ 3 of 532 - - d » 

gm range (around 530 om) m which reflection at an amorphous semiconductor film is 

8 
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senuconductorfilm is enough to efficiently UtJLI ZT^* T ^ ,he 
back sjde using the reflective member. Mo, eove T lit *™° rpho ™ s ™™«™o: film from its 
about 1.5 J/pul se at a maximum (in an exisYiTpXe cti ? ^ ^ SeC ° nd harmonic « ^ge, 
l.nean Zed , the length thereof in the toffi ^ reckon AG 1"" aPParatUS) " ^ 

pos S1 ble to uradiate a large area at once with laserS to make it 

[0039] «crugnt. 

« i the priory Wlight md , he """^ *"» "e 1 " «" •* *PU> 

[Embodiment Mode 2J 

Embodiment ModeT^ S^ZSS^*??*? «« present invention from 
member as described in Embodiment MooTl « Z ro L u P * "J***- witho * «*« a reflecting 
front and back with laser light split into too ^T^T*?™" ^ ,S from il * 

system. p ° wo strains of ^ser light by some constituent of an optical 

[0041J 

embodiment mode^ Th'e ^t^/jr** ° f 3 *?* a las " of this 

Embod^nt Mode 1 with *p l£^ y £^"T " ^ aPPMS deSCfibed * 
precedent mode are given different symbols SdlS^SlKd^ ^ ^ ° aei » ^ 

[004 2 J 

This laser apparatus has an Nd- YAfi I^r im . 
light that is generated and emitted from an Nd^YAr i \ nf SyStCm 401 for ^arizing laser 

(preferably third harmonic, or foul haSo^c) aS aT M "* »* Strains Jase ' 

transmittable substrate is fixed. A s^jbsfrate 403a ic f transmittable stage 402 on which a lijht 
'^^^^U^^Z^J^ S6t ° n the ^ 402, and an amorphous 

harm o„ ic> JtTE* i°^LZ2 G a ? M J m r ^ **» ^ *» second 
element , s set right behind the Nd:YAG laser 101 ™velength modulator including a non-linear 
[0044] 

with laser lig£ SStSSS^ semiconductor film 403b is irradiated 

transmittable. It i s desirable to s^^ZttJ^ ' ^ ^ 402 has * °e light 

energy of the laser light irradiated zZ^s^^TZ ? 31 ** St ^ e 402 ' be <— £ 

when the laseHight is transmitted throu^ uheX^e * ^ ^ " attenuat <* 

oneshownmPig^Bexcept that the light u-J^^^^^ " 

reference to ^ fig^Ta^ 7^ » Fi * 4A ^ be described with 

generated and Ltted lorn n nTyag tLTsof ***** 401 ^ from its ^ 5 

,aS6r 501 as a source third harmonic or the fourth 
9 
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harmonic) is split longitudinally by a cylindrical lens array 502. The split laser light is further split 
laterally by a cylindrical lens array 503. The laser light is thus split by the cylindrical lens arrays 502 
503 into matrix. J 
[0047] 

Then the laser light is condensed once by a cylindrical lens 504. The laser light passes 
through a cylindrical lens 505 right after the cylindrical lens 504. The optical system 401 is the same as 
the one shown in Figs. 2A and 2B up through this point 

[0048] 

i ■ i. -™ J Thereafter ' the laser u 8 ht enter s into a naif mirror 506 and is split here into a primary laser 
light ^07 and a secondary laser light 508. The primary laser light 507 is reflected at mirrors 509 510 
passes through a cylindrical lens 511, and then reaches the front side of the amorphous semiconductor 
nlm 403 b. 

[0049] 

The secondary laser light 508 split by the half mirror 506 is reflected at mirrors 512, 513 
514 passes through a cylindrical lens 515, and then transmits through the substrate 403a to reach the 
back side of the amorphous semiconductor film 403b 

[0050] 

. . . At P ° int ' the laser ^ P ro J ected ° nt ° an irradiated area on the substrate is linear as in 
bmbodunent Mode 1. The linearized laser light is homogenized in its width direction (shorter one) by 
the cylindrical lens array 502, the cylindrical lens 504, and the cylindrical lens 515. On the other hand 
the linearized laser light is homogenized in its length direction (longer one) by the cylindrical lens array 
503, the cylindrical lens 505, and the cylindrical lens 509 
[0051] 

As described above, according to this embodiment mode, the laser light generated and 
emitted from the solid state laser as a source can be linearized, and the linearized laser light can be split 
into the primary laser light and the secondary laser light so as to be used to irradiate the front side of the 
amorphous semiconductor film and the back side thereof, respectively 

[0052] 
[Embodiment Mode 3] 

A description given here is about an embodiment mode different from Embodiment Mode 2 
I his embodiment mode shows an example in which laser light is split into two strains of laser light by 
some constituent of an optical system, the two laser beams are made into a third harmonic and a fourth 
harmonic, respectively, and laser annealing of an amorphous semiconductor film is carried out by 
irradiating its front with the fourth harmonic while irradiating its back with the third harmonic 
[0053] 

a -ru f i8 ' 6 iS 2 Side VkW ° f ^ 0ptical system of a Iaser ^P^atus for use in this embodiment 
mode. The laser light generated and emitted from an Nd:YAG laser 601 as a source is split by a half 
mirror 602. Note that, though not shown, a part of a fundamental wave output from the Nd YAG laser 
601 is modulated mto a third harmonic having a wavelength of 355 nm before reaching the half mirror 
602. 

[0054] 

First, laser light which has transmitted through the half mirror 602 (to serve as a secondary 
laser ight) travels through cylindrical lens arrays 603, 604, cylindrical lenses 605, 606, a mirror 607, a 
cylindrical lens 608, and a substrate 609a to be used to irradiate the back side of an amorphous 
semiconductor film 609b. 

[0055] 

f. *no ThC laSCr U8bt USCd ultimatel y t0 irradiate the back side of an amorphous semiconductor 
him 609b is linearized. The process of linearization is the same as in the explanation of the optical 

10 
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syste m of Figs^A and 2B, and hence is not described here. 

includes a non-linear element. Thereafter SSi,f ( , 3 Wavele »g* modulator 610 ma 
arrays 612, 613, cylindrical lenses 614, "is , Zor^u ^ 3 611 ' ^ S 

-d.tethefr^tsideof *» m^'ifS^^^* 3 <^ drica ' 617 to be used to 

«lm 609b ^sZ^^^lZ^t^ ^ ° f - 3 » conductor 
system of Figs. 2A and 2B, and hence is not deTcSed here * " " ^ eXpl3nati ° n ° f the 

[0058J 

the back side of , he amorphous senncond^cto^ 

wavelength of 355 nm. it is preferab i e ZTZ^Jl 'Tt Wlh the third hamonic w "h a 
fourth harmonic as in this embodiment mode for I ? Shape ° f the third harmo <^ and the 
[0059J m ° de ' f ° r the th ™ughput of the laser annealing is improved 

so does not t^^?£ Sate *Zt£ti%f *~ «*» 250 » « 

is a product of Coming, Ltd lieht with , „, , u t 737 substrate (with a thickness of 1 1 mm) that 
-bstrate . The substfate allot 2o» 38% W 52? 240 ™ fc *» &St *- - trL^he 
therethrough, about 85% if it is 350 nm, and atouf 90%iUuJm^T h * 3 °° «"» t0 
wavelength of 350 nm or more (preferably witi X !! ^ ^ ' S ' t0 1156 laser H 8 ht with a 

15 ,£ ToSo? 1355 SUbStr " e ^ 35 ^ J -r light 

- , e ^rs^ji-^ 3 - a ^ ^ is 

mode, ,t is desirable to make the primal W LhtTr h ^ " f ° med 35 » this embodiment 

harmonic and to make the secondary l^^^^y*" Substra " **» *e fourth 

[0061] y UgDt ttat ^ansmits the substrate into the third harmonic. 

irrad.ate the ^^^tnt^^S,^;, 1 ^ ° f the laser »ed to 

of the laser light used to irradiate thelLTsxT of Z ^ ,aSer Heht > a wavelen jh 

laser light), in accordance with the materia] of L FT 1 * 0 ™ semicondu «or film (the secondSy 
semiconductor film. matenal ° f the substrate or the film quality of the amorphous 

[0062] 

emitted *o m ^ r 7™ which has been generated and 

alternatively be used. ' ^° JaSerS out P ut light of different wavelengths may 

[0063] 
[Embodiment 1] 

for manufactu^P^^ * Figs. 7A to 9C. A method 

p-channel TFT of the driver circuit disSt th ' n I P "? SeCtl ° n ' 3nd an n - channeI TFT a 
described here. dlSp ° Sed 111 P en P h ^ of the pixel section, at the same time is 

[0064] 

■» Fis. 7A, b „ ium borosill , ale ^ ^ iypjfied ^ Com . ng 
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na P h ^ a *(^ terephthalate (PET), po.yetfylene 

<^£^Zl^^^^ ^ ■ nttride film or a sili co„ 
prevent the diffusion of impurities from ^e ^1^701 T ^ * *° * formed ' » ° rder 10 
oxymtride film 702a formed from SiH. NH VhTm S 1 V ° r exam P Ie . ^ laminate of the silicon 
(preferably, 50 to 100 nro) and a hyfoge^ed sflil n " Pl ^™ CVD to a of 10 to 2w Z 

and N*> to of 50 10 200* ^ **» 

N 2 Q at 20 seem into a reaction chamber iS^J^T? k" 10 ^ * 100 SC * m 
reacnon pressure of 40 Pa, a discharge poTer de^ itv of 0 4! w/' ? T tem P erature ° f 325 °C, a 
MHz. On the other hand, hydrogenat J X> rfi2£ n ' ' diSCharge <* 60 

seem, N 2 0 at 120 seem and H, at 125 seem Z ° Xymtnde ^ 702b « formed by introducing sL at 5 
temperature 400 »C, a reaction pres S ^ 

d.scharge frequency of 60 MHz. These films can be fnrl? * P °T deDSlty ° f 0 41 W/c ™ 2 *°d a 
temperature and by switching the reactive^ su «*ss,vely by only changing the substrate 

[0067] B 

whence^ formed so that its internal stress is a pulling 

"Hernal stress in the similar direction bu madl to ^ ? ° 2b » made <° *™ * 

compared widuhat of the suicon oxynitride 1^ 702' * SmaIle ' *' n the absoJute va ^, 

30 to 60 n m Xr~r s ^^ 

example, after the silicon oxy^rTe ^J^tTf" 1 703 ™ be 

formed continuously by J plZt^V^ ^LSiT^? ^ ° Xynitride « Im 702b « 
conunuously by switching the reactive ZIITm , dep ° Siti ° n can be carried «rt 

w^out exposing to the atmosphere of ^naT ^.^"l 111 * ^ and °< 
nydrogenated silicon oxynitride film 7iT?h , u ' tbe contanu riation of the surface of the 

10A is , top view of island-like sermcoirducT lZ£ 7L 7™ hSS """P"™* structure. Rg 
Staw, a ,„p v^ 0 f „ is^d-lik. ™. ™ d ™ 5 ° f "* MK 1 'A *™>4 

arbitrarily, preferably provided ,„ a , XZ LI "T. ™. ? ape 0f "» isl »"-'^ semiconductor lavers 
may can be any polygon or circular shap" ^ itS Center to the ^ is 50 ^ or less it 

[0071] P ' 

Ne« ays^tion pIocess „ perf on '° -* i^d-ii,. ^ ^ „ 



from001-5714342916=RIPIO /08 1-462702408 



/10-3=-03-18:16/001-016 



•#■^4801 352460 P 16 



method of Embodiment Mode , in Ws ^Zdtel l"^., S ,^ co,lduaor ™4 to 708 by the 

connected in M n es function as oM TTrhv ^' P M make 1 P 1 "" 1 »™*« of TFTs 

numbers, i„ case tbat a. ^^K^^SS'S Pi-al 
case thai one TFT becomes large) V island-like semiconductor layer is large (in 

[0073] 

by about i to** Trfjo^nTs fo™ e ?" I 5 !? film crystallizes and it shrinks 

which strain is generated fue S^L SLd 1* ^^-^-tor layer in 

such crystalline silicon film has a pulling stress bv con^', ^ l ? senucondu <*or layer comprising 
HB respectively shows a top viJ^tS^ itS ^ ^ 105 ™* 
The regions 704, 705 and 708 ^X^^T^^ ^ ?1 ° a " d 713 ° f this state - 
semiconductor layers 704, 705 and 708 that exTsted froni me&st ^ ^ ° f 

, -x-auJ^^t^ t' d^r;™ 8 *° regl '° D 714 ^ SUCh 
defect levels and the crystallinity iTao R ^7 Sff f ^ ^ 3 number ° f 

regional b e„en7isconceLL ™« « « neat is generated 

shape are form^fto ^0^ ^Tlt^^T^ ^ ™ * ™ ° f "» ^ 
shown by a dotted line in the figure hnJnlZ* * am * accumulated - The region 71* 
existed, and the figure shows me^ondi ion i n wh^ ^ ™ ? WUch ^ " accu ™^ d 

second shape are formed inside T^e 2 ft .^^^ ^ 715 to 719 of the 

719 of the second shape may be seT ibitlnlv V J£* M ' Hfl « nonconductor layers 715 to 
semiconductor layers 715 and 71 o Ist^Lt^r 1^ 3 ^ ° f the is,and " like 
semiconductor layer 719. Urther ' F,g " UC shows a l °P view of the island-like 

[0076] 

CVD or spu^r^a^^ 

element which imparts p-type may be added alt tu ? T 715 l ° 719 " im Purity 

layers of this state to a concentration from X^" £ f™, * T S ™™^°< 

the threshold voltage of the TFTs (Vth) atoms/cm for the purpose of controlling 

[0077] 

gallium (G.) « toT « £ £STd£ ,U ; ^ ^ ^ " b ° r ° n (B >' <*) <* 

implantation or ion doping can be aZl ' ? JTJ"* P ' type to the Conductor, fa, 

but ion doping is 

a source gas and adds boron (B). JffijTj S" *„ , ^ USCS dib ° r£Ule « 

may be omitted. However, this is St^^^^u" 9 ^ " n0t dwavs nece " a ^ 

voltage of the^hannel TFT, in palul^^ ^ ^ ^ ^hold 

m order to form an LDD region in £ n^hannel TFT in the driver circuit, an im purity 
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[0079] 

range of 2 x 35 ToT^r^tZ £ 1 ^ f° rmed ***** "*« ^ be within 
Through the specification the c^Sc^ ^ T*^ 722 and 723. 

the impurity regions 722 and 723 f^^^S^^r^ ^ C ° M * 

semiconductor layer for forming a storage capacitor ^htn^ ?' ^ ^ UnpUnty re ^ on 724 » a 
this region as well in the same ILxJSSf^f ^ """" and P hos P»°™ (P) is added in 
[0080] v s ' } - 

performed by^af t^T^Z ^1^^°^ « ^ Nation can be 
activation. Further, the two 2 ' i^S? ^ ^ * 6 °° ° C for 1 ,0 4 <* laser 

KrF excimer laser light (wavelength 248 Z fs 177^1 * -T ° f ta » aCtivation > 

osculation frequency 5 to 50 Hz and cn^^Z^Z^^ JS / 0rmed Unde ' ,he ^ion of 
the overlap ratio of the linear beam to sftoS? to , , * ^ ' and beam is scanned 
tsland-lilce semiconductor layers are form d Note Sa ? ^ ° f lhe SUbStrate ° n which 
eradiation conditions and they may be aZopriaYek h k T ^ UmitS the laser U«ht 
Performed with ,e mas, layerVrem^^ J~L ^ — 

to a t^S^^^^ 

formed from a silicon oxynitride film to S nm ,h\ °' spUttenn S- For ex *»Ple. it may be 

^^^^B^g^^Z^^^^^- ^e silicon oxynitrode film 

therefore is a preferable materiaTfor tto use Needless £ ^ dMai * in me film 

l^ted t0 such silicon oxynitride film td t mav u S ? a 1 8316 fi,m 725 is "* 

msulating films containing silicon. In 2 casT the LLtf ? ^VT * StmCtUre of °*« 

compressing stress by considering the subTtrate ati ^ ceSlr 8 ^ 725 * ^ 50 as to be a 

[UUoZj 

be a laminate sttuMure of ^ e su ^ *"» «»> comprise a siDgle ,. y „, b „ t 

such heat resistant conducive materialT^*, . ! ye ' 0r " ,pte " necessary. By usini 

. nitride SZ^t^tt^rZ?" lByer (A) 

laminated may be formed for example naucuve laver (B) 727 which comprises a metal film are 
[0083] 

The conductive layer CS\ 777 k 
titanium (Ti), molybdenum (Mo) and tuZZm orT^?" & ° m tantaIum < Ta >> 

or an alloy film combining me above SS S.v if ^ ^ Com P risin 8 ma ^y of these elements 
the conductive layer (A) 726 f M °- W ^ ^ an Mo-Ta aU 0 y film), and 

ftanium nitride (TiN), molybdeniL ^2S%S? T^"^ ^ tUngSt6n <W 
tungsten stlicide, titanium silicide or molybdenum s^cidl ™ ^ (A) 726 may ado P l 

[0084 J 

reduced fc , iow^tTS^~ It « ? " be 



P 1 8 



oxygen concentration at 30 ppm or below 
[0085] 



the -ducti^ » *> ■» (Preferably 20 to 30 ^ and 

of usmg W for the gate electrode, tungsten S25e ?fi!X ™ fr"*™"* 25 ° to 350 am). In the case 
conductive layer (A) 726 by sputtering 5£ W as a £2 ^ * 3 thiCknCSS ° f 50 ™ ** the 
n'trogen (N 2 ) gas, and W is formed to a thSSess of 25^ f J* ,ntr ° ducm S 311 «»» (Ai) gas and a 

as a gate electrode, and the 

be accomplished by increasing the crystal «5n sizTbuM^ f . The j ow "*ist,vity of the W film can 
of the impurity elements such as oxyl^ ^T^tl ™ lty *?°™ S *** When the 
when sputtering is employed, the W^et^d ZTl^l ^S^T Tb ^> 
be paid lest impurities mix from the gaseous S ?h " f "" % ' and sutflcient attention should 
resistivity of 9 to 20 uQcm can be achieved § ^ ° f "* ^ ta ^ 

[0087] 

for the conduct '^<^^^™^ * «*«^ ^ (A) 726 and Ta film 
using Ta as the target and the mixed g Tof ^ an d nZ*^ I * TaN ^ is formed b * 

as the sputtering gas to form the la fib t^f' ^ ^ n ^ is 

sputtering gas, the internal stress of the lesultiTfflm^ u ° Wt ° f Xt 01 & is added '° the 
prevented. The resistivity of the aZseKnlTu^™ ***** and ped ° f the fflms be 
gate electrode. However" the resSivt of tl^Z^T % ^ "* ^ <*" be used ** the 
suitable for the gate electrode. Tb^^^^^f^ " aboUt 180 - d this film is not 

Therefore, when the Ta film is formed on Z TaN fZ th ^ approximate to of the a phase. 
[0088] hC TaN mm ' ^ « P hase Ta film can be obtained easily 

silicon film to^cSessSutl toTortlTJT^ * ! ° f&C,ivc tQ fonn a P^phorus (P) doped 
^improvement of adhesiveness and ^^Tc^^JS^T ^ ^ ™ 
be devtsed and at the same time it i , ooSfol u! oxld *twn of lie conductive film formed thereon can 
conductive layer (A) 726 or the cLduSty« (^727 tW' ^ * » «» 

insulating film 725. In any case it is oreferabl! ,o ,1 amOUnt t0 diffuse int0 the gate 

within a range between 10 and 50 u Q Cm ° f ^ layer (B) 727 

[0089] 

the co nd «^ e f y ^ ) ,, S , ^ co tdS v :T a ^^ by USing 3 Ph0t °- mask > - d 

electrodes 729 to 733 and a capacitance wirinn 734 ^, 1? f CoUect3Vel y etch * d to form gate 
w,nng 734 comprise a unitary sLctu^of S to 7333^ ' • ™ '° 733 3nd Stance 

733b comprising the conductive layer (B)il 8 ^ C ° mpnSm S th * conductive layer (A) and 729b to 
[0090] e ' 

island-like semiconductor] ayer719 ^ £ wZ. . -,5 8 ' SMa " 5 ' "* *c 
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for performing etching at a high speed and with high precision, in case that they are formed from a 
material which is mainly composed of W as described above. Microwave plasma or inductively 
coupled plasma (1CP) etching apparatus may be used as a means for obtaining hi&h density plasma 
[0092] 

For example, in etching of W using an ICP etching apparatus, two kinds of gasses, CF 4 and 
Cl 2 , are introduced into the reaction chamber, the pressure is set at 0.5 to 1.5 Pa (preferably 1 Pa) and 
high frequency (13.56MHz) electric power of 200 to 1000W is applied to the inductive coupling section. 
At this time, high frequency electric power of 20 W is applied to the stage on which the substrate is 
placed, charged to negative electric potential by its self bias, positive ions are accelerated and anisotropic 
etching can be performed. By using ICP etching apparatus, etching speed of 2 to 5 run/second can be 
obtained even with hard metal films such as W, etc. Further, in order to etch without leaving residues, 
it is good perform over-etching by extending the etching time by a proportion of 10 to 20 %. However' 
it is necessary to pay attention to the selective ratio of etching with the base film. For example, since 
the selective ratio of the silicon oxynitride film (gate insulating film 725) against W film is 2.5 to3, the 
surface where the silicon oxynitride film is exposed is etched approximately 20 to 50 run and becomes 
substantially thin through such over etching treatment. 
[0093] 

Thereafter, in order to form LDD region in the n-channel TFT of the pixel TFT, a process 
of adding an impurity element which imparts n-type (n"~ doping process) is performed. An impurity 
element which imparts n-type may be added in a self-aligned manner by ion doping using gate electrodes 
729 to 733 as the mask. The concentration of phosphorus (P) added as the impurity element which 
imparts n-type is set within a concentration range between 1 x 10 16 and 5 x 10 J9 atoms/cm 3 . In this way, 
low concentration n-type impurity regions 735 to 739 are formed in the island-like semiconductor layers 
as shown in Fig. 8B. 

[0094] 

Formation of high concentration n-type impurity regions which function as source region or 
drain region (n doping process) is performed next in n-channel TFTs. Resist masks 740a to 740d are 
formed first by using a photo-mask, and an impurity element imparting n-type is doped to form high 
concentration n-type impurity regions 741 to 746. Phosphorus (P) is used as the impurity element 
imparting n-type. Ion doping using phosphine (PH 3 ) is employed so that the concentration falls within 
the range of 1 x 10" to 1 x 10 21 atoms/cm 3 (Fig. 8C). 

[0095] 

High concentration p-type impurity regions 748 and 749 that function as source region or 
drain region are formed in the island-like semiconductor layers 715 and 717 which form p-channel TFTs. 
An impurity element which imparts p-type is added here with the gate electrodes 729 and 731 as the 
mask and high concentration p-type impurity regions are formed in a self-aligning manner. At this time 
the entire surfaces of the island-like semiconductor films 716, 718 and 719 which form n-channel TFTs 
are covered by forming resist masks 747a to 747c by using a photo mask 

[0096] 

High concentration p-type impurity regions 748 and 749 are formed by ion doping that uses 
diboiane (B 2 H 6 ). The boron (B) concentration in the regions is 3 x 10 20 to 3 x 10 2i atoms/cm 3 (Tie. 8D) 
[0097] 

Phosphorus (P) is added to the high concentration p-type impurity regions 748 and 749 in a 
preceding step, in a concentration of 1 x 10 20 to 1 x 10 21 atoms/cm 3 with respect to the high concentration 
p-type impurity regions 748a and 749a, and in a concentration of 1 x 10 16 to 5 x 10 19 atoms/cm 3 with 
respect to the high concentration p-type impurity regions 748b and 749b. However, by setting the 
concentration of boron (B) added in this step to become 1.5 to 3 times higher, no trouble occurs in the 
function as the source and drain regions of the p-channel TFT. 
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gate eiectrode"^ ^^X^Z^ "» 750 * ^ ^ «* 
film, a silicon oxynitride film, a "iTnitr^ mTTJ? *** ™ y C ° m P rise a siIic °" 

these m ms . ^ ^ the p rote ^ £2^^Sn^r Pri ^- C ° mbinati0n ° f 
The Protecuv^sulatxng film 750 has a fflxn to So I 111018311,0 material - 

the ffln can b" ^TcvT^TlT^ * - and 

to 400 «C and plasma is discharged at a ^ L^encv ^ * tCmp ™^ of 300 

When the silicon oxynitride film is used the JZ .i ( ^ Z) ^ density of 0 5 t0 08 W/cm 3 
Plasma CVD from Sik, Nrf) and ^ o r ' a s ilSm Z ?T? 'J 5 *™ My " i,ride fflm formed b * 
film deposition condition in'thi/caseYs tne J^F 0Xymtnde / lhn fo ™d from SiH, and N 2 0. The 
of 300 to 400 °C, and the ^iTrr^^^^^ 18 ™ 
^acnated^o^de^^^^) ^ *n«-ty of 0.1 to 1.0 w/cnr. The 

nitride film can be formed similarly ZomZZZ w'? 2 , *°* * may be USed ' 35 weU ' Th * 

iS formed to bea.mpressin, sj/s ~ ^ ^ 

*- S pective^ 

a furnace annealing oven Besides the \J2 , P ,S J conducted a dermal annealing method using 
annealing method Ld a SS^SS SS?" * ^ 3 ^ 

method is conducted in a nitrogen atmosphTe c^LZ. ^ ^ thermal 

preferably 0.1 ppm or below at 4o7to 700 £ T " ' CODCentrarion of 1 PP* or below! 

heat-treatment is conducted at 550 o C for 4 ho u^' Zl * ^ !° 6 °° ° C fa tWs ^odiment, the 
temperature is used for the substrate 701 tL u ^ 8 P ^ Substrate havin 8 a low heat-resistant 

[0101] SUDStrale701 ' the,aser annealing method is employed (Fig. 9B). 

to 100% hydr^en TsZtS'tVtVnZ^ H^" ^ M a,m ° S P here contai -g 3 

This is the process step that terrmna es me da^T * ^f^f *" ^d-like semiconductor layts. 
hydrogen that is thermafjy aJSTS^L 'TV *° island - like inductor layers by 

may be used as another nLn ^ySS^T^-JT*^ 3 ^ " eXdted by P Jasma > 
permits, island-like ^niconductor CST^ be h h rf 'J 6 ™* 1 rCSiStanCe of ^trate 701 
hydrogenated silicon oxynitride film 702b ^tS^La^STi^ hydr ° gen from the 

of the protege insula^ f^n 750, by ^ ^ OXy ^ *» 

751 made of^gt^ « completed, an interlayer insulating film 

organic insulating materials, polyL™ Sy£c rX^ 7 T ° f 10 to 20 ^ As the 

and so forth can be used. For exaZle whin nn^T P° lymudamide > B <^ (benzocyclobutene), 
being a PP ,ied to the substrate, '^S^ZS^^^T ****** ^ 

used, a two-component type is used After th™ 5 2 Clea " ° Ven - When >S 

is applied to the entire'surface of th^subst^T ^ ^ ^ ag6n ' ^ mixed « the ^ 

conducted by using a hot plate at 80 4 L 60 SlnJ SP ? nner Pre P arator y heating is then 

°C for 60 minutes S6C ° ndS ' ^ bahn g is then ™ade in the clean oven at 250 

[0103] 

By »— 1^ a. fr „ m a„ „ rga „ c t,,^ maKrjaJ , , K ^ cm 
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[0104] 



Contact holJ^^^ 1 ^^^; Predetenxuned pattern is formed by using a photo-mask, 
formed. The a^^^Z^T^ ^ « 

used as the etching gas. The interlaver insuJLn^ 8 ' ™ f , '? nUXed g3S ° f ^ ° 2 3,1(1 He * 
first etched. Then 'the etchE^S Tl^Tt! Id n™^ Sf 1,16 ° rganiC materiaJ is 

etched. To improve the seleaife ratio 1- ST* ^ * P ' * inSUlating ^ 750 is 

switched furthel CHF3 and Z ga TLu^Xv^ fZTfT ^ ^ **** g3S iS 
be formed satisfactorily. & insulating film 725 is etched. In this way, the contact holes can 

[0105] 

mask is formfd b" S^^SSg ~™» ^ a 

by etching. The drain 7^7^ 1„T a & ° 756 3nd drai " wirings 757 to 761 formed 
761 also LcOonstsle piS , T? ° f ^ ***** ^ Here ' »* * ain «**W 

Ti film to a thickne bTtTen ^^'nJ^^f"^ ^ the figure, this electrode is formed from 
a source or drain region L the island SE T a f ^ Semiconductor ™™ which forms 
*,ck,e S s^ aluminum (A1) is formed to a 

729 and ISoXT^s 752^753 ^ 715 and 716, gate electrodes 

752 and 753 are coated to theTslald li^ ? 57 aad 758 in "* state " wirings 

disposed in the in^^^^^Z°T^ ^ ?15 ^ 716 M hol * s 

numerals 830 and 833 Further TZL^S 7* P"** 4 ** inSulating ^ at ref ^"^ 

"uct^ connected to the island-like 

electrode 733^^ ^ 719, the gate 

wiring 756 is connected to the islLd lie 1^ „ * 8 , 56 ^ dr3ln 761 *** the s °^e 

drain wiring 761, in the contact pon^ls ^ ™ ™ ^ cootBCl portion 834 ' and < he 

[0108] 

second shape^remo^ --conductor layers that have the 

'^^^^^^^ Strain rem — - - -ea inside of the island-like 
[0109] 

obtained for ^Z^™*^^?™ * C °? UCled Under State ' fav °' aW * can be 

preferably at 300 tZ^^te™^^^- T^' ^ ^ be conducted 

similar effect can be obtained usin* tTolal? 3 " 10 ° % ° f A 

diffuse hydrogen existing in the r ecL^ « 



diffuse hydrogen existine Z the nrnZr , "Jr^ 03110 " method. Such a heat-treatment can 
semiconductor fibS 7i?to 7 « ^^tZ^f T ™ *» ^ 702 int0 the isIand -^e 
island-like S ^con6uc^ ZLTlsZ ^ ^ * ^ case ' 3 the de *ct density in the 

Purpose, hydrogen ma^S 



[0110] 
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TFT 801, the second o-d,.™., TST «n,™T ™ ™ K P-^nnel TFT 800, the fust 

n-channel 

circuit. The pixel TFT 804 and the ZtT ^-channel TFT 803 are formed in the driving 

specification, s'uch asuL rate S t reStT'JT^ ^ ™ ^ fa the ^ * ^ 

[0111] active matrix substrate" for convenience sake. 

in t he htadirsssss; ™ * "r c ? has a singie drain ^ ** 

and 807b and the drain regions 808a aid °° n *° n 8 ° 6; "* the SOurce regions 807a 

region. & 8083 and 808b each compnsmg the high concen.ration p-type impurity 

[0112] 

the channel ^^SS'S^JS^^ **, ^ ™ ^ *« « 
region 812; and the drain region 811 ^Se In lT^ ^ ™- * e s ™<* 

the gate electrode 730 in the direction l!l ^ ' ^ ° f tWs LDD whi <* overlaps 
the length of the LDD 

occurruig in the proximity of the drain reeion can L ™t, 0 T u W3y ' 3 ^ electric field 
degradation of the TFT can be prevented 8 ' ^ <he occurrence * hot carriers and 

[0113] 

in which the c^T^2Z%T8lT^ ^ ^ similarly 

and 815b comprising the S^^^^'^^^ 81 ^^^^ n ^^ 
semiconductor film 717. ^ concen ^t IO n p-ty pe lm punty region are formed in the island-like 

[0114] 

electrode 732^^ S^^.'SSM ^ ^ ^ ***** ™«* * ** 

film 718 of the second n^hannel TFT 803 The InlZt hT™ ^ se ^ductor 
electrode 732 is also set at between O S n ^ LDD regions that overla P *e gate 

the LDD regions that do not oS the feTS ? ^ l ° 2 ° " Un ' Further ' ^ ^ngth of 

preferably 1.0 to 2.0 urn ? m ^ channel ^ direction is 0.5 to 4.0 pn, 

[0115] 

LDD re8ion ^ , he direct * £ ™ ? £ *? ^ ,T ^ ° f 

storage capacitance 805 is formed fi™ th„ . 0 V s * 1 ' P referabI V 1-5 to 2.5 urn. The 

material as'the gate i^r^^SSST? r^ 8 ^ the sam 

828 of the pixel TFT 804. 8 m Fi^C ^ZT^ ^ f S" * l ° the r ^ 

-e a single^ure or a muLga^ "p^t^^ * ^ 

A-A- in the dewing ^^^^,^^2^ ° f ^ P 0 "™' The «" «ctUa 

electrode 733 of the pixel^FT 804 bosses helsland ,1 ^ ^ ^ ta ^ 9C ™ e 

gate insulating film, not shown m me7raw mg S t SemiCOnducto ' ^ er below it through a 
are formed in the island-like serniconduZZer mo^h ^ ^ "* ^ T ^ on 

numeral 834 denotes a contact pTt^n bet^en * " ^ b thC Reference 

Refc^cenumerd835deootcsaSnta^™2?^? " Wmng 756 and ,he source re 8ion 826 
A storage capacitance 80 Ti ^ ^ by t^veH ' dr3in 761 3,141 the drain re ^ n 82 8 

extends from the drain region 828 of meUe, T^ST h"*"" 1 ^ ^ Semic0nductor J ^ 829 that 
g the prxel TFT 804 and a capaatance wiring 734 through the gate 
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insulating film. 

[0117] 

An active matrix substrate is completed as described above. The active matrix substrate 
manufactured m accordance with the present Embodiment arranges TFTs of appropriate structures 
corresponding to the specifications of the pixel section and the driver circuit. Bv doing so it enables to 
improve operation performance and the reliability of the electro-optical device which uses this active 
matrix substrate. 

[0118] 

Note that in this Embodiment the drain wiring 761 of the pixel TFT 804 is used as it is to 
the pixel electrode and has a structure corresponding to a reflection type liquid crystal display device 
However, the present invention can correspond to a transmission type liquid crystal display device by 
forming a pixel electrode comprising a transparent conductive film which is electrically connected to the 
drain wiring 761. 

[0119] 

Further, the present Embodiment is an example of manufacturing process of a 
semiconductor device using the present invention is not necessarily limited to the material and the 
numerical value range shown in this Embodiment. Further, the arrangement of the LDD regions etc 
may appropriately determined by the operator 

[0120] 
[Embodiment 2] 

The example shown in Embodiment 1 is crystallization of an amorphous semiconductor 

film by using the methods described in Embodiment Modes 1 to 3 to perform laser annealing on the film. 

In the example, the laser annealing may be performed instead on a semiconductor film that has been 
crystallized to a certain degree but not thoroughly 
[0121] 

That is, the laser annealing in accordance with the present invention is also effective in the 
case where a crystalline semiconductor film that has been crystallized by furnace annealing is further 
projected to laser annealing to enhance its crystallinity 

[0122] 

To be specific, the laser annealing method of Embodiment Modes 1 to 3 may be used in the 
laser irradiation step (laser annealing step) described in Japanese Patent Application Laid-open No Hei 
7-161634, Japanese Patent Application Laid-open No. Hei 7-321339, Japanese Patent Application 
Laid-open No. Hei 7-131034, and some other applications. 

[0123] 

__ After the P resent ^vention is applied to the laser irradiation step of the above publications 
a TFT using the crystalline semiconductor film formed through that step may be formed. In other 
words, this embodiment can be combined with Embodiment 1 

[0124] 
[Embodiment 3] 

This embodiment gives a description of a process of manufacturing an active matrix type 
liquid crystal display device using an active matrix substrate that is fabricated in accordance with 
Embodiments 1 and 2. First, as shown in Fig. 13A, spacers 901a to 901f are formed from a resin 
material by patterning on an active matrix substrate that is in a state illustrated in Fig. 9C. Alternatively 
a known spherical silica or the like may be dispersed and used as the spacer 

[0125] 

In this embodiment, as the spacers 901a to 901f made from a resin material, NN 700 
produced by JSR is applied by a spinner and is then formed into a given pattern through exposure and 
development treatment. Further, it is heated in a clean oven or the like at a temperature of 150 to 200 

20 
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[0126] 

shape, a pyraLtal ^f^X^T^ t ^ ? ^ ^ " d the * ^ ^ a co ™al 
the space, will be i Sw S a S LTl 2 ,o ^ " ^ 5* """P*' ,pedfc dimensions of 

[0127] 

.he drain wiring 761 (pixel llod^n Z ^ X P *° d COVer con, » ot 83S of 

portion 835 ,o "ZeCnertv T "ST ' S l0S ' " ^ <*»"» 

resin for u,e space,, discrtainaiio^r X^^Ld * * ' C ° MaCI ^ ^ ^ * 

[0128] 

film of a liquid °S2^y S 2^ 'aTI ^ n * fa iS ^ ** » 

and an orie 0 ^tfa?5£ i ^ fi ? ^ ^ ° PP ° Site dCCtr ° de 905 made of a «™P"™ ^-tive film, 

Ti £ aT? T , ° rmed ° n ° p P° site substrate 9 °3- As the light shielding film 904 a 
i «> Cr, or Al film is formed to a thickness of 1sn tr, ^nn „ m n, • , UC1UI " K Ium ym > a 

with a sealing material 907 t„ th» ™™ SS °. 15 ° to 300 "n- The opposite substrate is then bonded, 

formed the'eon A filler ^ T haS «* ^ P 0rtion ™ d ** driver circui 

spacers 90l7to 901f" h : oT^s^T^V 07 ' ^ **** 908 ™* ** 

therebetween. opposite substrate and the active matrix substrate with a uniform gap 

[0130] 

can^y^J^^^^^ b «-en the substrates, which are sealed 

the liquid crystal material Z nl^ ^ ■ /V™™ ^ material be used 

is a threshold^ 21, • 3 matenal 11121 ma y be ^ than a TN liquid crystal 

mixed liquid crystal show aTelecfl tSf 1 ^ ' S ° me thresholdle ^ antiferroelectric 

details thereof "rT* eleclr °^Pt'cal response that forms a shape of letter V when graphed. For 



[0131] 
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ahk u ,u 1116 aCt ' Ve m3triX type liquid vy* 1 * 1 dis P lav device shown in Fig. 13B is thus completed 

iSSS-SHth 901 /-' 0 9016 ^ f0rmed Separat6ly ° n 31 ieaSt ±e S0 - ce wiri *g -d thTdlt 
wiring on the TFT of the dnver circuit in Figs. 13A and 13B, the spacers may instead be formed to cover 
the entire surface of the driver circuit. ° cover 

[0132] 

n,.„« a ¥ f 14 " 3 ! ° P VkW ° f m 3Ctive matrix subs ttate, showing the positional relation of a pixel 
port on and a dnver circuit portion to a spacer and a sealing material. 8 A scanning signal Ler cLu 

ooln iVoo'T: 8181 ; nVCr 1402 "* PIOVided 3S dHver drCuitS ^ the periphery of a p" e 

portion 1400. A signal processing circuit 1403 such as a CPU and a memory may or nTay not be added 

[0133] 

wirine 1411 ^rhtT f™? ^^ST^ l ° m P ut/out P ut terminal 1410 via a connecting 

Tver c rcuii 14m ? P ^ ' ^ & ° Up 1404 eXtendm « frora scann i<>g signal 

mTsec a 1 ^ " ^ 1405 eXtend ^ fr ° m the ima S e si S nal driver 1^02 

c^r s^e 80? ^ ^ ° f ^ ^ iS PfOVided ™* 3 P " el TFr 804 a 

[0134] 

nrovided fn SpaCer , 140 ^ P rovided in the P" el PO^on corresponds to the spacer 901f, and may be 
provided for every pixel. Alternatively, one spacer may be provided for every several pixels or for 
every several tens pixels arranged in matrix. That is, the ratio of the spacers to the total of ^e pixels " 
appropriately 20 to 00%. Spacers 1407 to 1409 provided in the driver circuit portion may Iver the 

li Z^L < r ' " ^ bC f ^ d *** P,Ural pi6CeS 10 COindde With the pos *°» o/th"sourc: 
w iring and the dram wiring of each TFT as shown in Figs. 13A and 13B 

[0135] 

control circuhMOl^ 8 ^ * tonMd 0UtSide ^ pixd P ° rtion 1400 > the ^ 

2h T L imagC S,gnal COntrol Circuit 1402 ' »d ot her signal processing circuit 1403 
which are all on a substrate 701, and inside the external input/output terminal 14*0. 
10136] 

to a perspecti^ew of^f is^ ?" ^"f* ^ CryStal diSp ' ay is deSCribed with refe ™«= 
4M Z 2 a ^ F,S> 15 ' thC aCtive matrix substrate is comprised of the pixel portion 

pl«s nVc'cTl^oTwt cr";^ 14 °; j im3ge Signal driVCr dfCU " 1402 ' - d other'signal 
processing circuit 1403 which are formed on the glass substrate 701 

[0137] 

and ,h. hw„ ^ ^ 14 °° * PK,Vided ^ ^ pixel TFT 804 ^ the ca P*<*or storage 805 

droit tL™ PrOV, t d * PCriphery ° f thC Pkel p0rti0D ™ ^structed P based on a CMOS 
to pix^ TFtTm dim h " t CkCUi • 1401 ^ ^ Signal ddVer 1402 - """"ted 

Lld cJlt^Tn? 4 f ^ 8 ? ^ 733 a " d 3 SOUTCe ^ 756 ' ^^pectively. A flexible 
foTnl an ^l 0 TT^-! 0 eXten,aI W^P* terminal 1410 with the intention of using it 
esin P l 4 S iSK„T? ° r Ml • fleXiblC PriDted drCUit (FPC ^ 1413 is foed wi * a ^rL 

cZeoZl 14n ^ Th ' ^ f ^ ^ ^ i$ COnneCted t0 each driver via the 

SSSSXii 1116 M opposite substrate 903 is provided with 

[0138] 

active m ,tr-J h t ' iquid u CryStal dis P la y devic e having the structure as such can be fabricated using an 

f taSc to! nstance ^ T^" 1 - d 2 " Em P l0 ^ - -hVe matrix substrate shown" 

hlid '^TT : f 00 tyPe UqU,d CryStal display device is obtained - wMe a transmission type 

SlSJ2Li 8I ? iy r. 6 T 15 ° b ! ained Wh6n empl ° y ^ 311 active matrix sub *trate that use a 
transparent conductive film for a p.xel electrode as shown in Embodiment 1 . 

22 
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[0139] 
[Embodiment 4] 



[0140] 

sen,cond Uc ^ in las, annexing step of . 

an active matrix type EC (electrcJux^ 

Embodiment Modes 1 to 3 may be employe? * * tbat CaSC ' ^ of the structures of 

[0141] * J ' 

»>»»"fiw»^^ P6rtainin f t0 ,ase ' sealing step out of a 

manufacturing process. The^ore S^STS^ £ ^ «? * ™ ° f < he ^ of the 
manufacturing an active matrix type EL display device or a * known techni ^ es w ^n 

fabricate these display devices rZringtTie^ZZ™*™ ' ypC EC ^ devi <*- To 

possible, of course. S manufacturing process illustrated in Figs. 7 A to 9C is also 



[0142] 
[Embodiment 5] 



e^uipmenOha^^ electee device (also called electronic 

aii active matrix type EL as its display A^he tZZ T ^ tyPC li<}uid ^ dis P Ja y device or 
vdeo camera, a portable infection ^S^jT^ am ^' 3 ™». • 

electronic book) a navigation system, etc. cToe named """^ ' C6lMar P hone ' and ■» 

[0143] 



micro process^ 2 ffif^ 3 ^ ^ a 

The present invention can be implemented^ J2 B ^ Md 3 keyb0ard 2004 - 

processing circuits. tabneatmg the display unit 2003 and other signal 
[0144] 

[0145] 

2202, and arm'po^S. ^X^S^^'T^^ ' ^ b ° dy 2201 > dis P% 
units 2202 and other not-shown signal SoJcSts lm P leme "^ in fabricating the display 

[0146] 

l*etha«iscom^^^ game, a video game and the 

recording medium 2304, a controller 23fK , hTc C1 ' CUit 2308 such as a CPU and with a 

the main body 2301. The ^y^SOS^f ^ 3 ^ Unit 2302 -corporate* in 
2301 may display the same inll^Z^^e^T ^ iaau P oM » the ^ "«* 
while the latter serve as a sub-disolav uni» <Ta ? I' ° Tma ma y serve as a main display unit 
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SLTr iCa !i°^ by r° VidiDg S6nS0r UHitS 2306 ' 2307 ' P resent tendon can be implemented in 
fabricatmg the d IS play un lts 2302, 2303. A conventional CRT display may be used as Z^y Z 

[0147] 

^w; n * F l g " 1 ? E Sh ° WS 3 Playef Which uses a "cording medium in which a program is stored 

nS Li^ v; r ? n n n f 3> 3 reCOrdmg medium 2404 ' 311(1 °P eration switches 2405. A DVD 
(Digital Versatde Dxsc), a compact disc (CD) or the like is used as the recording medium to enable the 
Player to reproduce a music program, display an image, play a video game (orMdeSS^S^ 

SSi'tr™ ° btaiDed th ™& the ^e present invention can b TmpJememed' Z 

fabricating the display unit 2402 and other signal control circuits implemented m 

[0148] 

Fig. 16F shows a digital camera that is comprised of a main body 2501 a disnlav unit 2502 
an eye-piece portion 2503, operation switches 2504, and an image receiving uni't (Z TZZ 
pr^t mvention can be implemented in fabricating the display^* 25^T^ s^con^ 

[0149] 

display devicelem ^dT, ' iS ° f a ^ system and 

2 Z Z 1 oth* JLS 6 ™ f ? P ^ ent iDVenti0n ^ be im P len ™* d " fabricating the 

^^L^TSt COntl0 \ Ca ? UltS - R 8- 17B shows a type projector that is comprised 
2 04 PhP nL g 6 ° PtlCal SyStCm and dis P la y device 2702 > a 2703, and a screen 

collcir^s 1HVe bC ^ men ^ - fabri -«ng the display device and other signal 

[0150] 

display devi^^2^ H £. 1 IS V" °f ^ ° f the light SOUrce °P tical ^ a " d 

7mR rZZ h r£ , ' ° TO1C mrr0rS 2803 ' 3 beam s P mter 2807, liquid crystal display deuces 

^^^2%3$£iSi£r — 2810 - ~ £s 

[0151] 

However meli^lt^ ?T ^ ^ ^ Uquid Crystal dis P la y devices 2808 are used. 
[0152] 

that is showntftnC L^iSnL Sf ^ ^ ^ * ^ ^ ^ ^ SySlem 2801 

reflector 2811, a ligtt soL ^UlZ^in^U T ^ ^ 2801 * ° f 3 

condenser lens 2816 Note t Z, y ' , ' 3 P° ]anzatl0n converting element 2815, and a 

system 8 ^^^ shown in Fig. !7D is an example and the 

[0153J 

navigation sy^TeaSn^^' ^ may be ™P^ented in manufacturing a 

in th 8 e ZT T^^ t ^Z^T t r ee T' etC -' ™ additi ° n t0 ^ appliCaU ' 0nS illuS,ra ^ d 
demented in JXS^Z&E " *" " ^ *" ^ ^ « * 

[0154] 7 
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[Embodiment 6] 

nam™™ ^ C °T a ? t0 Em 1 bodimen, 1 where methods of Embodiment Modes 1 to 3 are used after 

S^cL^H 5 CXampIe ^ referenCe to Fi g- 18 in -Wch irradiation w th l^e 

light is carned^usmg the method of Embodiment Mode 1 before the patterning. 

First a state shown in Fig. 7 A is obtained in accordance with Embodiment 1 . 

»™> u , A S ! CP ° f cr y stallizin g *e semiconductor film is then conducted A descriotion will he 
Tback sil of th CryStam f i0n StC P » this embodiment, i.e., b^^ST^^ 

the back s,de of the semiconductor film with laser light, which is illustrated in Fig. 18 

film 1802 and h J?m^h r f renCeSyra , b01 "? deD ° teS 3 Ught ******** substrate with an insulating 
T^^rS^Z^IS^ I m ; CT °7 St 81 - miCO " d — *») 1«B formed of 
transrmttablesubslriSOi 01 13561 hght is arran S ed ben "th the light 

[0158] 

[0159] 

rrP h s^rr^ 

compound semiconductor fimTsucS as af • ^P 1 ™* Semconductor 1803 include a 

silicon film. amorphous silicon germanium film, other than an amorphous 

[0160] 

InTbe uS?' ^ °' M<1 ' anlaI ' ,n ' ^ F °' eMm P le ' « tantalum aMde (ValrJ 

[0161] 

[0162] 

linearized i^T^^T, Tl T " ^^fr 1 With ^ ^ ^ been 
gn me ophcal system 201 (only the cylindrical lens 207 is shown in the drawing) 
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mussed in Fig, 2A and 2B. The Radiation with the linearized laser light is made by scannmg the 
[0163] 

of Ihc secondary laser liah „„S hive It, 7? *<°™«mg ±e effective energy imSLity 
obtain the desired intensfy ,a"fo m °" M °" i ° b ° Ve m ""^ «*<««»«t, may be combined to 

[0164J 

90- with respect to AetonTsS rtT^ ^ 2 ° ? t0 haVC ™ ^ of ^ * « to 

reason, the secondary^ ^iLflSteWM rtche f ^ ^ ?° Pr ° CeSS ° f bekg COndensed " Fo ' 

film 1803 so as to^adTate to ^TS^^f ° ° f the am0rphouS semiconductor 

forming an uneven po n on on h e r^ecdve ™tl T, g "'i** ™ y ° btained more effici -^ * 
light. P reflective surface of the reflechve member 1804 to diffuse the laser 

[0165] 

(around 530 ^T^iiTZS^^^ ^ * WaVClength ^ * «°* 
respect to *e Lo^ 

cr y stalli 2a ti 0 ni^ embodiment, the 

««nic 0 nduc^^^^S^^- t,W irTa t ted ^ tranSmJtS ,hraU S h the «™>n*«>s 

^ The obtained semiconductor film is next patterned to gain an island-like semiconductor 

[0168] 

matrix subs Jt^ "* ° f *" m ° Ut » a ^a„ce with Embodiment 1 to obtain an active 

[0169] 

with th,s J^L2 K SS Se^maS Embodiment 2. If Embodiment 3 ,s used 

<hat uses a co"n7ex^^^^ * * *"» ^ 

maintain, as well as the throuXm ? ,™ ^ ? y . em P lo y m « a solid ^ate laser that is easy to 
leads to reduction in ^iSSS of 7^1^ *» laser in laser ™s 

a liquid crystal display device sermconductor device formed from the TFT, such as 

[0171] 

the ^c^z^^^^sr^ b r r diat ? g both ^ from side - •>«* -* ^ 

^co^^wi,!,^^^^^ ™^ * PoWMe to obtain a crystalline 

rger crystal gram size as compared to prior art (where only the front side of 
26 
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the amorphous semiconductor film is irradiated with laser light). The obtainment of the crystalline 
semiconductor film with a larger crystal grain size further can lead to a great improvement of the ability 
of a semiconductor device. 
[Brief Description of the Drawings] 

[Fig. 1) Figs. 1A and IB are diagrams showing the structure of a laser apparatus. 

Figs. 2A and 2B are diagrams showing the structure of an optical system of a laser 



[Fig. 2] 
apparatus 

[Fig- 3] 
[Fig. 4] 

[Fig. 5] 
[Fig. 6] 
[Fig. 7] 
[Fig. 8] 
[Fig. 9] 
[Fig. 10] 
substrate. 
[Fig. 11] 
substrate. 
[Fig. 12] 
[Kg. 13] 



Fig. 3 is a diagram illustrating a laser annealing method of the present invention. 

Figs. 4A and 4B are diagrams showing the structure of a laser apparatus. 

Fig. 5 is a diagram illustrating a laser annealing method of the present invention. 

Fig. 6 is a diagram illustrating a laser annealing method of the present invention. 

Figs, 7A to IE are diagrams showing a process of manufacturing an active matrix substrate. 

Figs, 8A to 8D are diagrams showing a process of manufacturing an active matrix substrate. 

Figs. 9A to 9C are diagrams showing a process of manufacturing an active matrix substrate. 

Figs. 10A to 10E are diagrams showing a process of manufacturing an active matrix 

Figs. 11A to HE are diagrams showing a process of manufacturing an active matrix 



Fig. 12 is a diagram showing a pixel structure. 

Figs. 13A and 13B are diagrams showing the sectional structure of an active matrix type 
liquid crystal display device. 

[Fig. 14] Fig. 14 is a diagram showing the top structure of an active matrix type liquid crystal display 



device. 
[Fig- 15] 
[Fig. 16] 
[Fig. 17] 
[Fig. 18] 



Fig. 15 is a perspective view showing an active matrix type liquid crystal display device. 

Figs. 16A to 16F are diagrams showing examples of an electronic device. 

Figs. 17A to 17D are diagrams showing examples of a projector. 

Fig. 18 is a diagram illustrating a laser annealing method of the present invention. 
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ocument Name] Abstract 
Summary] 

[Problem] To provide a laser apparatus and a laser annealing method with which a crystalline 
^conductor film with a larger crystal grain size is obtained and which are low in their running cost 
[5>olv in g Means] A solid state laser easy to maintenance and high in durability is used as a laser 

and laser light emitted therefrom is linearized to increase the throughput and to reduce the production 
cost as a whole. Further, both the front side and the back side of an amorphous semiconductor film is 
irradiated with such laser light to obtain the crystalline semiconductor film with a larger crystal grain 
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